Objectives: To evaluate the prevalence and the risk factors of new onset atrial fibrillation (AF) in a single medical ICU. Methods: A prospective observational study was conducted in a 10 bed single medical ICU over a period of 18 months. All patients with sinus rhythm admitted in the medical ICU were included. Those presenting with any arrhythmia on admission, having a PACEMAKER or having undergone a recent cardiothoracic surgery were excluded. Results: Of the 377 patients included on the study, atrial fibrillation occurred in 26 patients (7%). Patients who developed AF were older, had higher severity scores on admission, and required significantly more fluids, catecholamine, and mechanical ventilation. They had a longer ICU and hospital LOS. ICU mortality was significantly higher in AF patients. Five independent risk factors of AF were identified by multivariate analysis: advanced age, the presence of COPD, sepsis, cardiogenic shock, and hypoxemia. Conclusion: AF occurs in approximately 7% of medical critically ill patients and is associated with age, a history of COPD, the presence of sepsis, cardiogenic shock and hypoxemia. AF occurs in more critically ill patients and is associated with increased morbidity and mortality.
Introduction
Atrial fibrillation (AF) is the most common arrhythmia observed in whole population with an incidence of 0.5%, increasing to 1% above 75 years [1, 2] . It has been well established that AF in ICU is increased after cardiothoracic surgery and is associated with a high morbidity and mortality [3, 4] .
In previous studies conducted in surgical or medicosurgical ICU, it was established that factors associated with AF were: severity of illness, trauma, cardiac surgery and intense inflammatory response, need for mechanical ventilation, catecholamine and fluids, and having a prolonged ICU stay [3, 5, 6] . When a multivariate analysis is performed, the most common risk factors associated with the development of AF are: elevated age, thoracic trauma, sepsis and severity of illness [7, 8] .
In Tunisia, the real prevalence and the risk factors of new onset AF in a medical ICU are in our knowledge still undefined.
This prospective study was conducted to evaluate the incidence and the risk factors of new onset AF in a single medical ICU.
Materials and Methods
This prospective observational study was conducted in a 10 bed medical ICU of a 500 bed Tunisian tertiary teaching hospital over a period of 18 months (from the 1 st of July 2009 to the 30 th of December 2010). No informed consent was needed conforming to the decision of the local ethic committee.
Study design: All patients admitted to ICU with sinus rhythm were included. Those presenting with any arrhythmia on admission, having a Pacemaker or having undergone a recent cardiothoracic surgery were excluded.
All patients were continuously monitored (Nihon Coden monitor, Space Labs monitor).
AF was suspected if the ventricular rate was higher than 110 beats/min or lower than 110 beats/min and associated with an irregular R-R interval and confirmed by a 12-lead electrocardiogram revealing irregular, chaotic atrial activity with no apparent P waves and with irregular ventricular activity [9] .
The following variables were recorded for all patients: age, sex, comorbidity factors such as cardiovascular (hypertension, history of coronary artery disease, myocardial infarction, heart failure, cardiomyopathy), chronic pulmonary disease (COPD, obstructive sleep apnea) and diabetes mellitus. Previous regular medications were also recorded: β-blocking agents, calcium channel inhibitors, angiotensin converting enzyme inhibitors, diuretics, nitrates, any antiarrhythmic drugs, and inhalative β-adrenoreceptor agonist. The cause of admission in ICU was recorded.
The APACHE II [10] and Simplified Acute Physiology Score II (SAPS II) [11] were calculated 24 hours after admission. Workload was evaluated by OMEGA scoring [12] .
Medical ICU and hospital length of stay (LOS) and mortality were recorded.
The following variables were recorded daily during the first 7 days of hospitalization in the ICU or until the onset of AF: fluid therapy if needed, mechanical ventilation, need and type of catecholamine(s), number of episodes of hypoxia, and the presence or absence of SIRS, sepsis, and acute renal failure. The presence of central venous catheter before the onset of AF and for patients who did not develop AF was recorded. The biological parameters such as serum levels of potassium, magnesium, creatinine, hematocrite and parotids were recorded during the first 7 days of hospitalization or until the AF occurred.
Systemic Inflammatory response syndrome (SIRS) was defined as the presence of at least two of the following criteria [13] : temperature above 38.0˚C or below 36.5˚C, respiratory rate higher than 20 breaths/min or arterial CO 2 tension lower than 32 mmHg or need for mechanical ventilation, heart rate more than 90 beats/min, white blood cell count greater than 12 × 10 9 /l or lower than 4 × 10 9 /l, blood Glucose more than 7.7 mmol/l, capillary coloration time > 2 seconds, lactates more than 2 mmol/l, and impaired neurologic functions. Sepsis was defined as SIRS associated with evidence of infection and septic shock as sepsis induced hypotension persisting despite adequate fluid resuscitation [14] .
Hypoxemia was defined by pulse oximetry (SpO 2 ) lower than 90% for more than 10 min.
Acute renal failure was defined according to the AKIN classification [15] either by a rise on serum creatinine above 50% and/or oliguria below 0.5 ml/kg/day for more than 6 hours and/or need for dialysis.
Statistical analysis: Statistical analysis was performed by SPSS 17 software package.
For continuous variables, the mean ± SD was reported, and for categorical variables the number of patients in each category and the corresponding percentage were given.
The characteristics of patients who developed AF and those who did not were compared using Student's t test for continuous variables, and the χ 2 or Fisher's exact test for categorical variables.
To identify risk factors independently associated with the occurrence of AF, variables found to be different with p < 0.2 between the two groups were entered into a forward stepwise logistic-regression model. All patients were entered in this model (no missing data).
Results
During the study period, a total of 377 patients were admitted to the medical ICU. The mean age was 55 ± 20 years and 55% were male.
The severity assessed by APACHEII and SAPSII scores was respectively 15 ± 9 and 31 ± 8. The major comorbidity observed was cardiovascular. Patients' medication history before admission includes beta-blockers in 4% of cases, calcium-channel-blockers in 15% of cases and inhibitors of angiotensin converting enzyme in 4% of cases. No patient was treated with digoxin.
Fifty per cent of patients were admitted for acute respiratory failure, 18% for shock and 12% for sepsis.
The mean ICU and hospital length of stay were 7 ± 10 days and 9 ± 10 days respectively. The overall mortality was 22.8%.
The prevalence of new onset AF was 7%. AF occurred mainly within the first three days after admission and lasted mainly for 24 hours. Patients with AF had higher SAPS II and APACHE II score (43 ± 18 and 19 ± 7 respectively versus 30.2 ± 17 and 15.1 ± 9 respectively, p < 10 −3 and p < 0.021 respectively), required significantly more fluid loading, catecholamine administration and mechanical ventilation. They experienced significantly more sepsis, hypoxemia and acute renal failure. Central venous catheters were inserted more frequently in AF patients ( Table 1) .
At the onset of AF, the biological parameters did not differ significantly between the two groups.
Workload evaluated by OMEGA scoring was significantly greater. Patients with AF had a significant longer ICU and hospital LOS. ICU mortality was higher among patients with new onset AF when compared with non AF patients ( Table 2) .
The treatment of AF consisted of electrical cardioversion and Amiodarone in 42% (11/26) of patients with AF. Amiodarone alone was used in 23% (6/26) of patients. Digoxin and Diltiazem were administered along with Amiodarone in two and one patient respectively.
For four patients, AF resolved spontaneously and for four other patients, additional treatment with potassium and magnesium was administered.
AF resolved only in 56% of patients, in a mean delay of 14 hours.
The multivariate logistic regression analysis examining the independent risk factors of developing AF is illustrated in Table 3 . The advanced age, the presence of COPD, sepsis, cardiogenic shock and hypoxia were significantly associated with the occurrence of AF.
Discussion
To our knowledge, this is the first study conducted in a single medical ICU analysing the prevalence and the risk factors of new onset atrial fibrillation in medical patients. Overall prevalence of new onset AF in our study was 7%.
Patients experiencing AF were more critically ill and septic, requiring more supportive therapy with mechaniccal ventilation, catecholamine and fluid loading and developing more hypoxia and acute renal failure. Length of stay in ICU and in hospital was higher in AF patients and mortality was significantly elevated. The independent risk factors of developing atrial fibrillation are advanced age, sepsis, COPD, cardiogenic shock and hypoxia.
The incidence of atrial fibrillation found in our study seems consistent with previous studies performed in non cardiac ICU's or in medico-surgical ICU's (1.8% to 10%) [3, 5, 6, 8, [16] [17] [18] [19] [20] , although, many of these studies did not focus only on atrial fibrillation and have evaluated a broad variety of arrhythmias. In the study by Seguin et al. [17] , AF occurred in 5.5% of all exclusively trauma patients. Annane and al [8] in a multicenter study conducted in a medico-surgical ICU with 76% of patients being medical found 6.5% of new onset AF. Knotzer and al [6] performed a study in a surgical ICU with two third of patients having undergone a cardiothoracic surgery and reported 9% of AF.
Age is a well-recognized risk factor of AF in the general population as well as in ICU. In our study, age was found to be an independent risk factor of AF. Similarly, in the study by Knotzer [6] and Reinelt [1] , advanced age was an independent risk factor of AF and the mean age of patients with AF was 68 ± 12 and 65 ± 12 years respectively. Amar et al. [21] showed that some changes in the atrial configuration are observed with age including atrial dilation and fibrosis. Atrophy of the atrial muscle can be aggravated with age leading to loss of atrial con-traction and conduction [22] .
COPD was a second independent risk factor of AF in our study population. This may be explained by the structural changes induced in the heart including a change on the right atrium and ventricular functions [23] .
SIRS and Sepsis are now well known to be associated with AF. In our study, sepsis was an independent risk factor of developing AF. Several studies showed the same conclusion: Knotzer et al. [6] found SIRS in 85% of patients with tachyarrhythmia (60% of AF). Seguin et al. [3] found SIRS in 50% of patients with AF. There is actually increasing evidence that the systemic inflammatory response is a predominant trigger of AF in critically ill patients. Some studies have demonstrated an association of elevated CRP levels with the development and maintenance of AF [14, 24, 25] . Chung and colleagues [26] found two-fold higher CRP levels in patients with AF than in control subjects. Furthermore, patients with persistent AF had higher CRP levels than those with paroxysmal AF, suggesting that inflammation plays an important role in the maintenance of AF [26] .
We found that patients developing new onset AF experienced more cardiogenic shock. This can be in part explained by SIRS that occurs after myocardial infarction, increasing the inflammatory response and leading to the development and the maintenance of AF as described above [24] . On the other hand, acute changes of the cardiac functions may induce persistent AF.
In addition to these factors, hypoxemia was an important risk factor of AF in our study. This factor was found by Knotzer et al. [6] , but in the Seguin study, no significant difference was found [3] . Hypoxemia is susceptible to produce a multitude of myocardial electro physicologic effects and a broad variety of arrhythmias including AF [27] .
Hypotention and consequently the use of catecholamine were identified as risk factor only in univariate analysis in our study. In ICU patients the administration of exogenous catecholamines elicits both α-and β-adrenergic receptors that favor the risk of arrhythmia [28] .
Sex and severity of illness were the other independent risk factors found in the previous studies. In our study, these factors differed significantly between patients with AF and controls, but they were not independently associated with AF.
Amiodarone the most used antiarrhythmic drug therapy used in our study, is an effective and safe drug for converting AF to sinus rhythm. Conversion of AF should not be attempted 48 h after onset without anticoagulation or transesophageal echocardiography to rule out intracardiac thrombus formation. In order to avoid thromboembolism after cardioversion, an effective anticoagulation is mandatory.
Finally, as others [3, 17] , we found that new onset AF result in longer ICU and hospital stay and increased mortality [18] .
In conclusion, our study showed that AF occurs in approximately 7% of medical critically ill patients and is associated with age, a history of COPD, the presence of sepsis, cardiogenic shock and hypoxemia. AF occurs in more critically ill patients and is associated with increased morbidity and mortality in ICU.
